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APPARATUS AND SYSTEM FOR SEALING A
TURBINE ROTOR

BACKGROUND OF THE INVENTION

The subject matter disclosed herein relates to turbines and
turbo-machinery, and more particularly, to inter-stage seals in
such turbines.

Turbine components, especially 1n gas and steam turbine
systems, may be directly exposed to high temperature tluids,
and therefore require cooling to meet their useful life. For
example, some of the compressor air 1s diverted from the
combustion process for cooling rotor components of the tur-
bine.

The main flow path of a turbine 1s designed to confine the
main working fluid as 1t flows through the turbine. Turbine
rotor structural components are generally provided with cool-
ing tluid independent of the main working fluid flow to pre-
vent ingestion of the main working fluid therein during opera-
tion, and should be shielded from direct exposure to these
fluids. Sealing devices may be utilized to shield rotor com-
ponents from leakage of the main working fluid driving the
turbine, as well as to prevent cooling fluids from escaping
with the main working fluid. Typical inter-stage sealing
arrangements can reduce the efficiency and performance of
turbines due to leakage. Leakages 1n inter-stage sealing can
require an increase i the amount of parasitic fluid used for
cooling. For example, various wheel spaces 1n gas turbine

assemblies using typical inter-stage sealing arrangements can
consume up to 50% of the total cooling air flow for cooling.

BRIEF DESCRIPTION OF THE INVENTION

According to one aspect of the invention, an apparatus for
restricting fluid flow 1n a turbo-machine includes: a first inter-
stage sealing member configured to be located between a first
rotating airfoil stage and a second rotating airfoil stage
attached to a rotor shatt, the first inter-stage sealing member
including a segmented structure that includes a plurality of
segments forming a circumierential surface, the first inter-
stage sealing member including: a first base portion including
a securing mechamsm configured to at least substantially
radially and tangentially secure the inter-stage sealing mem-
ber to an iter-stage support structure; a first axial retention
mechanism; and a first axially extending sealing portion con-
figured to be outwardly radially loaded against at least one of
the first rotating airfoil stage and the second rotating airfoil
stage.

According to another aspect of the invention, a gas turbine
system 1ncludes: a plurality of first turbine airfoils attached to
a firstrotatable rotor disk; a plurality of second turbine airfoils
attached to a second rotatable rotor disk; a plurality of sta-
tionary radially extending turbine airfoils located axially
between the first rotor disk and the second rotor disk; and a
first inter-stage sealing member configured to be axially
located between the plurality of first turbine airfoils and the
plurality of second turbine airfoils, the first inter-stage sealing
member including a segmented structure that includes a plu-
rality of segments forming a circumierential surface, the first
inter-stage sealing member including: a first base portion
including a securing mechanism configured to at least sub-
stantially radially and tangentially secure the inter-stage seal-
ing member to a support structure disposed axially between
the plurality of first turbine airfoils and the plurality of second
turbine airfoils; a first axial retention mechanism; and a first
axially extending sealing portion configured to be outwardly

10

15

20

25

30

35

40

45

50

55

60

65

2

radially loaded against at least one of the plurality of first
turbine airfoils and the plurality of second turbine airfoils.

These and other advantages and features will become more
apparent Irom the following description taken 1n conjunction
with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side cross-sectional view of a portion of a
turbine 1including a sealing assembly 1n accordance with an
exemplary embodiment of the invention;

FIG. 2 1s a perspective view of an embodiment of the
sealing assembly of FIG. 1;

FIG. 3 1s a side cross-sectional view of a portion of a
turbine including a sealing assembly 1n accordance with an
exemplary embodiment of the invention;

FIG. 4 1s a side cross-sectional view of a portion of a
turbine including a sealing assembly 1n accordance with an
exemplary embodiment of the invention;

FIG. 5 15 a perspective view of an embodiment of the
sealing assembly of FIG. 4; and

FIG. 6 1s a perspective view of an embodiment of an axial
retention mechanism of the sealing assembly of FIG. 5.

DETAILED DESCRIPTION OF THE INVENTION

Apparatuses, systems and methods are provided for inter-
stage sealing 1n a turbine. In one embodiment, the appara-
tuses, systems and methods include an inter-stage sealing
assembly including a plurality of sealing segments that are
configured to be outwardly radially loaded against a surface
ol one or more rotating components of a turbine, such as a
rotor disk or a bucket. In one embodiment, the sealing mem-
ber 1s at last substantially radially and tangentially secured to
a stationary support structure located between the rotating
components by a securing mechanism such as an at least
substantially axial dovetail or fir tree form connection. In one
embodiment, the sealing member includes at least two sealing
members that are axially retained relative to one another via a
removable axial securing mechanism.

Reterring to FIG. 1, a portion of a turbo-machine, such as
a turbine, constructed in accordance with an exemplary
embodiment of the invention 1s indicated generally at 10. The
turbo-machine 1s described herein 1n an exemplary embodi-
ment as a turbine, such as a gas or steam turbine, but may be
any type of turbo-machine. The turbine 10 includes alternat-
ing 1nter-stage stationary airfoil stages 12 and rotating airfoil
stages 14. In the embodiments described herein, the station-
ary airfoil stages 12 are described as including a plurality of
nozzles 24, but may be any type of stationary airfoil such as a
turbine nozzle and/or a turbine vane. In addition, in the
embodiments described herein, the rotating airfoil stages 14
are described as including a plurality of buckets 20, but may
be any type of rotating airfoil including buckets and/or blades.
In one embodiment, the rotating airfoil stage includes at least
one of: one or more buckets, blades or other airfoils; one or
more airfoil bases or lower portions, such as airfoil shanks or
platforms; and a rotating airfoil support such as a rotor disk.
An inter-stage sealing apparatus or assembly 16 1s disposed
between successive rotating airfoil stages 14.

Each rotating airfoil stage 14 includes rotating components
that include a rotor disk 18 or other rotating structure attached
to a rotor shait (not shown) that causes the rotor disks 18 to
rotate about a central axis. A plurality of blades, airfoils or
buckets 20 are removably attached to an outer periphery of
cachrotor disk 18 and extend radially outwardly from a rim of
the rotor disk 18. The buckets 20 are attached by any suitable
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mechanism, such as an axially extending dovetail connection.
In one embodiment, the buckets 20 or other airfoils each
include a base or lower portion, such as a shank or platform 22
configured to attach to a corresponding rotor disk 18. The
nozzle stage 12 includes a plurality of nozzles 24 that are
connected to an outer casing assembly such as a turbine shell

or an outer support ring attached thereto, and extend radially
toward the central axis.

Asused herein, an “axial” direction 1s a direction parallel to
the central axis, and a “radial” direction 1s a direction extend-
ing perpendicular from the central axis. A “tangential direc-
tion” 1s a direction generally corresponding to a direction
orthogonal to the central axis and generally parallel to a
tangent of a circumierence formed by a portion of the rotating,
airfoil stages 14. An “outer” location refers to a location in the
radial direction that 1s farther away from the central axis than
an “mner”” location. “Outward” refers to a direction extending
radially away from the central axis. Although the embodi-
ments described herein are described with reference to the
turbine section of a turbine, the embodiments may also be
utilized 1n conjunction with various compression sections of
a turbine.

An inter-stage sealing assembly 16 1s included between the
rotating components 14 and forms a rim seal or other airtlow
path shield. The sealing assembly 16 may form a rim or outer
boundary of the turbine rotor that separates the main working,
fluid (such as combustion gas) flow path from interior por-
tions of the turbine rotor (including components such as por-
tions of the rotor shatt and the rotor disks 18). The sealing
assembly 16 1s configured to prevent fluids from migrating to
or from the main working fluid flow path formed by the
buckets 20 and the nozzles 24.

Referring to FI1G. 2, in one embodiment, the sealing assem-
bly 16 includes a segmented sealing member 26 that radially
contacts and may be radially loaded against the rotating air-
to1l stages 14. The sealing member 26 includes one or more
generally axially extending portions (“axial sealing portions™
or “axially extending sealing portions™) 28 having a forward
end 30 and an aft end 32. As described herein, “forward”
refers to a leading position relative to a reference position
along a fluid flow path, and ““ait” refers to a trailing position
relative to a reference position along the fluid flow path. In
one embodiment, the axial sealing portion 28 includes load
surfaces 34 located at or proximate to the forward end 30 and
the aft end 32 and configured to contact and exert an outward
radial load against each rotating airfoil stage 14. For example,
the load surfaces 34 are flat surfaces configured to contact
axially protruding shelves 36 or other protrusions extending
axially from the rotating airfoil stages 14. In the example
shown 1 FIG. 1, the shelves 36 are disposed at the bucket
shanks or platforms 22, although the shelves 36 may be dis-
posed at any suitable location, such as at selected locations of
the rotor disks 18 and the buckets 20. In one embodiment, a
seal 1s formed by contact between the load surfaces 34 and the
shelves 36, and/or a sealing mechanism, such as a load bar or
a wire seal 38, 1s disposed at the forward end 30 and/or the aft
end 32.

In one embodiment, the axial sealing portion 28 includes
radial sealing members configured to contact a part of the
stationary airfo1l stage 12. For example, the axial sealing
portion 28 includes a plurality of seal teeth 40 that are dis-
posed on an outward side of the axial sealing portion 28 and
extend radially outwardly. The seal teeth 40 are configured to
seal against a stator surface of the stationary airfoil stage 12,
for example, an inner nozzle support structure such as an
inner platform 42 including an abradable surface 44.
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The sealing member 26 includes a seal base 46 that 1s
removably attachable to an inter-stage support structure such
as a turbine spacer rim structure 48. In one embodiment, the
seal base 46 1ncludes a retention mechanism 50 configured to
secure the sealing member 26 1n place 1n at least substantially
radial and tangential directions relative to the support struc-
ture 48, but allow for axial movement. The retention mecha-
nism 30 1s shown 1 FIGS. 1 and 2 as an at least substantially
axial dovetail, although the retention mechanism 1s not so
limited. The sealing member 26 1s not limited to the shapes
and configurations described herein, as the sealing member
26, the axial sealing portion 28, the retention mechanism 50,
and/or the seal base 46 may be shaped as desired, for example,
to reduce weight, deflection, leakage and/or stress.

In one embodiment, the sealing member 26 includes a
plurality of sealing member segments 26 that are configured
to be disposed against one another to form a continuous
circumierential sealing member. Each of the sealing member
segments 26 may include sealing features to control leakage
around and through rim seal segments. Sealing features may
include segment seals 51 such as generally axially and/or
radially extending spline seals, wire seals or pin seals to form
seals between adjacent segments 26 to lessen tluid tlow ther-
cbetween.

Referring to FIG. 3, 1n one embodiment, the sealing assem-
bly 16 includes a plurality of sealing members 26 axially
positioned relative to one another between the rotating airfoil
stages 14. For example, the plurality of sealing members 26
include a forward sealing member 52 and an aft sealing mem-
ber 54. The forward sealing member 52 1s configured to be in
radial contact with a rotating airfo1l stage 14 at an up-stream
end and 1n contact with the aft sealing member 54 at a down-
stream end. Likewise, the aft sealing member 54 1s configured
to be 1n radial contact with a rotating airfoil stage 14 at a
down-stream end and in contact with the forward sealing
member 52 at an up-stream end.

In one embodiment, the sealing member 26, the forward
sealing member 52 and/or the aft sealing member 54 includes
an axial retention mechanism 56 configured to prevent axial
movement of each sealing member 26, 52, 54 relative to the
turbine stages 14. In one embodiment, the axial retention
mechanism 56 includes a shear-loaded member configured to
axially retain the forward sealing member 52 and the aft
sealing member 54 relative to one another. The axial retention
mechanism 56 may be held in place via a shear load, and may
also be held 1n place via a radial and/or centrifugal load. In
one embodiment, the axial retention mechanism 56 includes
a removable and/or deformable member, such as a bend tab,
attached to one of the sealing members 26, 52, 54 and con-
figured to be deformed upon assembly to restrict axial move-
ment. In the embodiment shown 1n FIG. 3, the bend tab 56
may be secured to the aft sealing member 54 and a portion of
the bend tab 56 may be bent so that the portion extends
radially and abuts an end of the forward sealing member 52.
Other examples of the axial retention mechanism 56 may
include pins, lock-bars, bolts, lock-wires and/or an axial load
surface such as a surface of the bucket(s) 20 and/or the
shank(s) or platform(s) 22. In one embodiment, the axial
retention mechanism 56 1s any member or device that 1s
flexible and removable, and accessible from a radially exter-
nal location, so that the axial retention mechanism 56 can be
removed or otherwise disengaged without the need to remove
components of the stationary airfoil stages 12 and the rotating
airfo1l stages 14.

An alternative embodiment of the sealing members 26, 52,
54 1s shown 1 FIGS. 4 and 5 that includes an additional
axially extending member 58 configured to radially contact
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one or both rotating airfoil stages 14. The axially extending
member 58 may extend from a sealing member 26, 52, 54,
such as from the seal base 46, a base of the forward sealing
member 52 and/or a base of the aft sealing member 54. In one
embodiment, the rotating airfoil stage 14 includes an addi-
tional axially protruding shelf 60 configured to be radially
loaded by the axially extending member 58.

The plurality of sealing members 26 may be assembled as
part of the turbo-machine section 10 either before or after the
rotating airfo1l stages 14 and/or stationary airfoil stages 12 are
assembled. For example, the sealing members 52, 54 may be
assembled 1n a sequential order by first securing the aft seal-
ing member 54 against a rotating airfo1l stage 14 and contact-
ing the shell 36, then securing the forward sealing member 52
against the opposing rotating airfoil stage 14, and lastly
engaging the axial retention mechanism 56.

Referring to FIG. 6, an embodiment of the axial retention
mechanism 36 includes a retention member 62 disposed at
one of the sealing members 52, 54 and 1s configured to engage
the other of the sealing members 52, 54 and restrict axial
movement therebetween. For example, the aft sealing mem-
ber 54 includes a first recess or slot 64 shaped to accept a
lower portion of the retention member 62. In this example, the
retention member 62 1s a bar or other elongated member, and
the slot 64 1s elongated 1n a direction perpendicular to the
axial direction. The forward sealing member 52 1ncludes a
second recess or slot 66 shaped to accept an upper portion of
the retention member 62. Upon assembly, the retention mem-
ber 1s partially disposed 1n both the first and second slots and
acts to restrict axial movement of the sealing members 52, 54.

Although the systems and methods described herein are
provided in conjunction with turbines, they may be used with
any suitable type of turbine and/or turbo-machine. For
example, the systems and methods described herein may be
used with a gas turbine, a steam turbine or a turbine including,
both gas and steam generation.

The devices, systems and methods described herein pro-
vide numerous advantages over prior art systems. For
example, the devices, systems and methods provide the tech-
nical effect of increasing etficiency and performance of the
turbo-machine by, for example, substantial reduction 1n the
consumption of leakage and purge secondary air by enabling
use of higher temperature materials exposed to hot gases and
employing improved rotor sealing. An additional technical
cifect includes allowing the inter-stage sealing assembly to be
casily assembled or disassembled by segmentation of the
sealing members, either prior to or after assembly of the
nozzle and/or turbine stages. Furthermore, the sealing assem-
bly may be field replaceable without the need for disassem-
bling the turbine rotor, allowing for ease of maintenance of
the turbine and components therein. This turbine rotor rim
seal arrangement enables improved turbine performance by
reduction in consumption of cooling tluid.

While the invention has been described 1n detail 1n connec-
tion with only a limited number of embodiments, 1t should be
readily understood that the invention 1s not limited to such
disclosed embodiments. Rather, the invention can be modi-
fied to incorporate any number of variations, alterations, sub-
stitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and
scope of the invention. Additionally, while various embodi-
ments of the invention have been described, 1t 1s to be under-
stood that aspects of the invention may include only some of
the described embodiments. Accordingly, the invention 1s not
to be seen as limited by the foregoing description, but 1s only
limited by the scope of the appended claims.

10

15

20

25

30

35

40

45

50

55

60

65

6

The mvention claimed 1s:

1. An apparatus for restricting fluid flow 1n a turbo-ma-
chine, the apparatus comprising:

a first sealing assembly configured to be located between a
first rotating airfoil stage and a second rotating airfoil
stage attached to a rotor shaft, the first sealing assembly
including a segmented structure that includes a plurality
of segments forming a circumierential surface, the first
sealing assembly including:

a first base portion including a securing mechanism
operative to at least substantially radially and tangen-
tially secure the first sealing assembly to a first inter-
stage support structure;

a first axial retention mechanism; and

a first axially extending sealing portion having a load
surface outwardly radially loaded against at least one
of the first rotating airfo1l stage and the second rotat-
ing airfoil stage, wherein a seal 1s formed by radial
contact between the load surface and at least one of
the first rotating airfoil stage and the second rotating
airfo1l stage;

a second sealing assembly configured to be located
between the first and second rotating turbine stages, the
second sealing assembly imncluding:

a second base portion, the second base portion including
the securing mechanism operative to radially and tan-
gentially secure the second sealing assembly to a sec-
ond inter-stage support structure;

a second axial retention mechanism; and

a second axially extending sealing portion configured to
be outwardly radially loaded against at least one of the
first rotating turbine stage and the second rotating
turbine stage, wherein a seal 1s formed by contact
between the load surface and at least one of the first
rotating airfoil stage and the second rotating airfoil
stage; and

a removable axial retention mechanism configured to axi-
ally secure the second sealing assembly to the first seal-
ing assembly.

2. The apparatus of claim 1, wherein each of the first and
second rotating airfoil stages includes an axially extending,
protrusion, and the first axially extending sealing portion 1s
configured to contact the axially extending protrusion.

3. The apparatus of claim 2, wherein the axially extending,
protrusion 1s disposed on at least one of a rotor disk, at least
one bucket platform and at least one bucket included in each
of the first and second rotating airfoil stages.

4. The apparatus of claim 1, wherein the first axial retention
mechanism includes at least one of a shear-loaded member
and an axial load surface.

5. The apparatus of claim 1, wherein the securing mecha-
nism 1s an at least substantially axial dovetail form connec-
tion.

6. The apparatus of claim 1, wherein the first axially
extending sealing portion includes a first end configured to
radially contact the first rotating airfoil stage and a second end
configured to radially contact the second rotating airfoil
stage.

7. The apparatus of claim 1, wherein the second axial
retention mechanism and the removable axial retention
mechamism include at least one of a shear-loaded member and
an axial load surface.

8. The apparatus of claim 1, wherein the first axially
extending sealing portion includes a first forward end config-
ured to radially contact the first rotating airfo1l stage and a first
alt end, and the second axially extending sealing portion
includes a second forward end configured to engage the first
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alt end via the second axial retention mechanism and a second
alt end configured to radially contact the second rotating
airfo1l stage.
9. A gas turbine system comprising:
a plurality of first turbine airfoils attached to a first rotatable
rotor disk;
a plurality of second turbine airfoils attached to a second

rotatable rotor disk:

a plurality of stationary radially extending turbine airfoils
located axially between the first rotor disk and the sec-
ond rotor disk; and

a first sealing assembly configured to be axially located
between the plurality of first turbine airfoils and the
plurality of second turbine airfoils, the first sealing
assembly 1ncluding a segmented structure that includes
a plurality of segments forming a circumierential sur-
face, the first sealing assembly 1including:

a first base portion mcluding a securing mechanism
operative to at least substantially radially and tangen-
tially secure the first sealing assembly to a support
structure disposed axially between the plurality of
first turbine airfoils and the plurality of second turbine
airfoils:

a first axial retention mechanism; and

a first axially extending sealing portion having a load
surface configured to radially contact and exert an
outward radial load forming a seal against at least one
of the plurality of first turbine airfoils and the plurality
of second turbine airfoils;

a second sealing assembly configured to be axially located
between the plurality of first turbine airfoils and the
plurality of second turbine airfoils, the second sealing
assembly 1ncluding:

a second base portion including the securing mechanism
operative to radially and tangentially secure the sec-
ond sealing assembly to a support structure;
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a second axial retention mechanism and

a second axially extending sealing portion configured to
contact and exert an outward radial load forming a
seal against at least one of the plurality of first turbine
airfoils and the plurality of second turbine airfoils;
and

a removable axial retention mechanism configured to axi-

ally secure the second sealing assembly to the first seal-
ing assembly.

10. The system of claim 9, wherein each of the plurality of
first turbine airfoils and the plurality of second turbine airfoils
includes an axially extending protrusion, and the first axially
extending sealing portion 1s configured to contact the axially
extending protrusion.

11. The system of claim 9, wherein the securing mecha-
nism 1s an at least substantially axial dovetail form connec-
tion.

12. The system of claim 9, wherein the first axially extend-
ing sealing portion includes a first end configured to radially
contact at least one of the plurality of first turbine airfoils and
a second end configured to radially contact at least one of the
plurality of second turbine airfoils.

13. The system of claim 9, wherein the second axial reten-
tion mechanism and the removable axial retention mecha-
nism include at least one of a shear-loaded member and an
axial load surface.

14. The system of claim 9, wherein the first axially extend-
ing sealing portion includes a first forward end configured to
radially contact at least one of the plurality of first turbine
airfoils and a first aft end, and the second axially extending
sealing portion includes a second forward end configured to
engage the first aft end via the removable axial retention
mechanism and a second aft end configured to radially con-
tact at least one of the plurality of second turbine airfoils.
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